INTRODUCTION
Rotator cuff tear is the most common degenerative lesion in the older population, found in 20% of cases during autopsy [1] . With aging, tears and especially massive tears present major therapeutic challenges [2] [3] . Massive tear, which accounts to less than 10% of all rotator cuff tears [3] , was defined by Cofield as a tear of more than 5 cm in diameter [4] while Zumstein defined it as a complete tear of two or more muscles of the cuff [5] . Radiologic diagnosis is made with ultrasonography in neutral position and dynamic test, and a shoulder MRI which is non-operator dependent [2] .
Treatment options are multiple and enclose nonsurgical treatment, arthroscopic debridement, open repair using auto-or allograft, latissimus dorsi flap, deltoid flap or prosthetic replacement. Nonsurgical solutions as well as arthroscopic treatment and prosthetic replacement are traditionally used in elderly, while muscle transfer is reserved for younger and active patients [6] . There is no consensus or randomized controlled trials regarding the ultimate management of massive cuff tears [2] [3] .
First described by Takagishi in Japan in 1978, deltoid muscle flap was adapted by Apoil in 1984 by limiting the harvest to the anterior bundle of the middle deltoid [2, 7] . During the latest decade, many improvements have been done to the initial technique of deltoid flap [6, [8] [9] .
The purpose of this study is to report the midterm outcome of deltoid muscle flap transfer to restore shoulder function in patients with massive irreparable rotator cuff tear.
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Muscle transfer has been reported as a good surgical option to reconstruct the deficient rotator cuff. The purpose of this study is to report the outcome of deltoid muscle flap transfer to restore shoulder function in patients with massive irreparable rotator cuff tear. Material and methods : This is a retrospective descriptive case series. Included patients had a lesion of two or more tendons of the rotator cuff or lesion of one tendon of more than 5 cm in width and no lesion to the subscapularis. Evaluation was done using the Constant score, visual analog scale for satisfaction and quality of life. Results : Twenty patients met the inclusion criteria. Three patients were lost to follow-up. The remaining (9 males and 8 females) had a mean follow-up period of 40.5 months. The mean age at surgery was 61.3 years. Thirty-five percent of patients were involved in heavy labor while the lesions affected the dominant side in 70% of the cases. Mean preoperative Constant score was 40.8 and increased to 78.8 (p < 0.05) with a difference of + 38 points on the raw Constant score and an improvement rate of 64%. The greatest improvement involved essentially pain and quality of life (improvement rate of 82%) (p < 0.05). Eighty-nine percent of patients have good and excellent self-reported results. Conclusion : More than just a salvage procedure, deltoid muscle flap seems to be an adequate option in terms of appropriate pain relief, function recovery as well as patient satisfaction.
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MATERIAL AND METHODS
This study is a retrospective descriptive case series of patients operated for irreparable cuff tear by deltoid flap at our institution by one senior surgeon (SR). Repair of the cuff lesion was attempted; if it was unsuccessful, deltoid flap was then done. Inclusion criteria are a lesion of two or more tendons of the rotator cuff or lesion of one tendon of more than 5 cm in width and no lesion to the subscapularis, and complain of weakness [10] . Exclusion criteria were small lesion treatable by direct arthroscopic repair, cuff tears associated with a proximal humeral fracture or instability, glenohumeral arthritis, preexisting important deltoid damage and axillary nerve palsy [6] .
Surgical technique
The anterior fascicle of the middle deltoid is harvested with a periostal sleeve from the site of insertion via a direct lateral approach as described by Apoil [7] . Distal sutures prevented flap excursion and axillary nerve damage. Resection of the long head of the biceps as well as tenodesis is performed followed by acromioplasty. Debridement of tear edges is executed and tension free sutures were applied between the flap and the tear. The free margins of the deltoid are joined next by single sutures. Postoperatively, the patient arm is immobilized in an abduction splint for six weeks. Passive mobilization with external rotation and abduction movements are initiated on the first week after surgery followed by active exercises at six weeks postoperatively. Weight bearing and strengthening exercises were started at 12 weeks.
We used Constant score to evaluate our patients preoperatively. Cuff tear was confirmed with magnetic resonance imaging or ultrasonography. Patients were reevaluated at the latest follow-up visit using the Constant Score and a specific shoulder examination. Patients gave subjective feedback about functional improvement (visual analog scale), satisfaction and life quality changes. Imaging studies were performed in patients with bad functional or pain results during any point time of the follow-up.
RESULTS
Twenty patients were operated on with a deltoid flap for massive rotator cuff tear and met our inclusion criteria. They all complained of severe pain and loss of function (decrease in range of motion) for at least six months which did not respond to conservative treatment. Three patients were lost to follow-up due to relocation. Mean age at surgery was 61.3 (48-78) with 47% females and 53% males. Thirty-five percent of patients were involved in heavy labor; furthermore, lesions affected the dominant side in 70% of the patients. Mean follow-up time was 40.5 months (31-54).
Mean preoperative Constant score was 40.8 and increased postoperatively to 78.8 with a difference of +38 points on the raw Constant score and an improvement rate of 64% (p < 0.05). Constant score subcategories showed major improvement in pain and quality of life (improvement rate of 82%) while muscular force improvement rate was evaluated at merely 24% (Table I) .
Patients showed generally satisfaction concerning the surgery. Eighty-nine percent of patients had good and excellent self-reported results with only two patients having fair and poor results. One of the patients reporting poor results is a 65-year-old woman who had previous mastectomy for a breast adenocarcinoma with adjuvant radiotherapy and had Behçet disease treated with steroids for the last twenty years. The poor self-assessment in this patient can be on account of her comorbidities. There seem to be no explication for the other bad result. Eightytwo percent of the patients would undergo the same procedure again if needed on the contralateral shoulder.
There were no correlation found between age and the clinical outcome (p > 0.05). Moreover, there were no difference found on the postoperative Constant score between young patients (< 60 years old) and elderlies (> 60 years old).
DISCUSSION
Massive tears prevalence varies from 10 to 40% [2, 6] . The most common association is the concomitant tear of the supraspinatus and the infraspinatus tendons while the massive anterosuperior tear (supraspinatus and subscapularis) seems to be the least common (5-20%) [2] . Nonsurgical management yields early pain control but results fade with time. This phenomenon is related to muscular tear size, fatty degeneration and associated osteoarthritis [11] .
Direct operative repair of the rotator cuff massive tear may be technically challenging and is associated with high rates of re-rupture and recurrence especially in the case of a U-shaped tear [2, 10] . Arthroscopic debridement yields moderate outcome and the effect decreases with time [3, 9, 12] . Thus, muscular flaps (deltoid, latissimus dorsi) are a better option of reconstruction of massive cuff tears in young adults.
Deltoid muscle can be a good solution for massive tears repair. Levy has demonstrated that anterior deltoid can compensate for deficient rotator cuff since anterior deltoid muscle prevents superior humeral migration and increases the coaptation of the glenohumeral joint [13, 14] . Nonetheless, some authors found that deltoid muscle flap did not prevent cephalic migration of the humeral head [3] . However, it was not associated with increased risk of osteoarthritic changes [9] . Deltoid muscle flap is relatively an easy operative technique with rare surgical complications while offering the window to perform a wide surgical acromioplasty [6, [8] [9] 12] . Acromioplasty is critical in this technique as the muscle flap is sensitive to repetitive microtrauma [12] . Contraindications for deltoid muscle flap are glenohumeral arthritis, preexisting deltoid damage, axillary nerve palsy and rupture of the subscapularis muscle [6] . According to Gerber, subscapularis integrity is critical for the function of the repaired rotator cuff [15] [16] .
Pain relief is one of the most satisfactory outcomes of this procedure. Our study showed a pain relief up to 82%, while Schneeberger's 2012 study showed a 91% relief [6] . Other studies presented with similar results [8] [9] [10] 12, 17] . Functional improvement was quoted around 82% and is similar to previous series (Table II) [6, [8] [9] [10] [17] [18] while others reported less improvement rates [3] . Functional improvement may result solely of the surgery by itself or could be linked to pain relief. Furthermore, pain relief could explain the high subjective satisfaction score [3] . Moreover, deltoid muscle flap give better results when compared to arthroscopic debridement alone or with biceps tenodesis [10] . Strength restoration was the least improved variable after this procedure scoring around 24% and matching other results found in the literature [8, 12, 17, 19] . Strength improvement is nonetheless present especially in assuring coaptation of the humeral head while maintaining a functional shoulder Above all, deltoid muscle flap seems to be more than just a salvage procedure [9] . Fatty degeneration could well be incriminated in those mediocre results [11] , as fatty infiltration of the rotator cuff muscles is associated with less abduction, a lower Constant score and lower satisfaction rate [6] . Some authors even found a reverse correlation between the duration of symptoms (thus the degree of fatty degeneration) with the overall end result [18, 20] . Self-satisfaction scores were high in our series; 89% reported good to excellent results, while Spahn reported an 80% satisfaction rate [9] ; Gédouin reported patient satisfaction of 92% [17] and Vandenbussche a satisfaction rate of 89% on long-term follow-up (10 years) [8] . Nonetheless, surgery and the postoperative rehabilitation period are extensive and patients should be aware of the procedure magnitude and the long postoperative period as well as the importance of the rehabilitation program since it has the most direct effect on satisfaction [2] .
The most feared long-term complication of deltoid muscle flap is retear. Flap integrity was shown to be correlated with maintenance of clinical results [3, 8] . Some authors reported retear rate of 14% at 5.5 years [6] and 17% at 10.5 years [8] . Two recent reports by Glanzmann and Lu reported retear rate to be 85% at 14.5 years and 50% at 13.9 years respectively [3, 12] .
Concerns about the effect of the scarred deltoid on future salvage procedures (reverse shoulder arthroplasty) were raised in these studies [3] and contributed to this technique not being recommended by these authors. However, in both series, positive clinical results were present at latest follow-up and were maintained over time. Major criticism of Glanzmann et al.'s study is the presence of glenohumeral osteoarthritis in most of patients whilst deltoid muscle flap is not recommended when in the presence of osteoarthritis [6] , besides the presence of a subscapularis rupture in 40% of the cases. No study or report have shown that deltoid flap jeopardizes a reverse shoulder prosthesis where a deltoid flap tear could be recovered with a reverse shoulder arthroplasty as demonstrated in two reports [6, 21] . Shown in these reports was an interesting case of a 64-year-old female patient with a torn 14-year-old deltoid flap. The distorted deltoid muscle seemed to not have a direct effect on neither the surgical technique nor on the outcome of the reverse shoulder prosthesis [21] .
As an alternative to deltoid flap, Gerber proposed the latissimus dorsi flap for massive rotator cuff tears [22] , which seems to have functional outcome [8, [22] [23] [24] . But this technique has a steep learning curve and some authors report unacceptable high rate of complications (around 50%) [25] . Moreover, humeral head migration seems to be greater with latissimus dorsi transfer and glenohumeral osteoarthritis seems to develop at a faster rate [8] .
As a result of this study, we believe that deltoid muscle flap remains a good option for massive rotator cuff tear repair in patients without glenohumeral osteoarthritis, with involvement of maximally two muscles with intact subscapularis. For the other patients, debridement with biceps tenolysis or reverse shoulder arthroplasty seem to be a better surgical options.
CONCLUSION
Along with population aging and the higher incidence of massive rotator cuff tears, surgical strategy and management algorithm are yet to be defined. Deltoid muscle flap seems to be a valuable option in terms of appropriate pain relief and functional improvement as well as patient satisfaction. Mainly, it proves to be more than merely a salvage procedure and does not jeopardize a secondary reverse shoulder replacement.
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